Introduction
============

Behçet\'s disease (BD) is a variable vessel vasculitis.[@B1] It affects both the arterial and venous systems.[@B1] BD is mainly characterized by mucocutaneous, articular, ocular, gastrointestinal, and neurologic involvement.[@B2] Vascular involvement is present in up to 40% of BD patients.[@B3][@B4] It is a significant cause of morbidity and mortality. Vascular involvement occurs primarily in the form of lower extremity deep venous thrombosis (DVT).[@B3] Although this process is thought to be caused by thromboinflammation, the complex crosstalk between inflammation and thrombosis has not been completely elucidated.

Thrombosis is defined as the formation of a clot in a blood vessel.[@B5] It is worth mentioning the Virchow\'s triad here to understand the main contributors to thrombosis. Virchow\'s triad consists of three components as endothelial damage, stasis of blood flow, and hypercoagulability.[@B5] In BD, endothelial damage could result from neutrophilic inflammation in the vessel wall (vasculitis) and subsequent recruitment of platelets (discussed below). Recruitment of both neutrophils and platelets could cause a stasis in the blood flow contributing to the formation of thrombosis further. Regarding hypercoagulability, different parameters such as endothelial factors (like von Willebrand factor, vascular endothelial growth factor, or endothelin 1), procoagulant factors (like factor V Leiden or prothrombin mutations), or anticoagulant factors (like protein C and S) were studied in BD.[@B6] However, the data about these were inconsistent and not uniformly confirmed. The results of the recent studies suggest a dysregulation in the fibrinolysis phase contributing to hypercoagulability (discussed below).[@B7][@B8]

Venous inflammation and neutrophil hyperfunction are the hallmarks of BD pathogenesis.[@B9][@B10][@B11] Veins are a primary location for inflammation in BD patients, although the etiology of venous predilection remains unknown. Both Seyahi et al.[@B11] and Alibaz-Oner et al.[@B9] demonstrated that vein wall thickness increased among BD patients, even in the absence of evident vascular involvement. As the authors of these studies mentioned, this increased thickness could result from vascular inflammation and could be the precursor for venous thrombosis.[@B9][@B11]

Neutrophil hyperactivation is a central process in BD-related inflammation. The hyperactivated neutrophils produce reactive oxygen species (ROS).[@B8][@B12] ROS production at the site of inflammation (especially veins in BD) causes endothelial dysfunction and tissue injury.[@B8] Besides, the generation of ROS is one of the main molecular pathways leading to NETosis.[@B13] NETosis is a programmed form of neutrophil necrosis.[@B14] During NETosis, neutrophils die by excreting fibrillary networks called neutrophil extracellular traps (NETs) which contain host nuclear material and neutrophilic granule proteins.[@B14] The structure of NETs differs between different diseases but there are some markers that could be used to follow NETosis in BD such as peptidylarginine deiminase 4 (PAD4).[@B15] PAD4 promotes a key event in NETosis which is citrullination of arginine residues on chromatin.[@B16] Neutrophils from BD patients were shown to be more prone to NETosis even in the absence of stimuli in vitro, and the amount of NETs was higher in BD patients with vascular involvement compared to the ones without vascular involvement.[@B10] In their in-vitro model of thrombin generation, Le Joncour et al.[@B10] have shown that platelet-thrombin-NETs axis promotes intravascular coagulation and vascular dysfunction. In addition to promoting the thrombin generation, NETs also cause endothelial dysfunction via decreasing cell proliferation and increasing apoptosis.[@B15] Moreover, data from previous studies showed that NET-associated thrombi could be located in both veins and arteries.[@B17][@B18][@B19]

The velocity of thrombin generation has also been shown to increase in BD patients.[@B10][@B20] Le Joncour et al.[@B10] have shown that the velocity and peak of thrombin generation are positively correlated with NET markers in serum, and these are decreased with the addition of a NET-disrupting enzyme, DNAase, to the medium. In other diseases such as sepsis, NETs are also key triggers of thrombus.[@B21] Thromboinflammation in sepsis is a more studied subject, and we can understand the complex crosstalk between inflammatory cells and platelets using the data from sepsis. In sepsis, microorganism itself and the associated inflammation activate platelets through released NETs and cytokines. The activated platelets degranulate and release proinflammatory cytokines promoting the inflammation further. In the same lines, Maugeri et al.[@B22] demonstrated that activated platelets presented HMGB1 (high mobility group box 1) to neutrophils and induced autophagy and NET generation in neutrophils. HMGB1 is a critical molecule for this interaction since HMGB1 (-/-) platelets failed to induce NETosis.

Moreover, platelets form aggregates that adhere to the endothelium and cause damage. Both NETs and aggregated platelets trigger the thrombosis cascade in the presence of endothelial damage.[@B21] These data also underline the role of platelets in thromboinflammation.

Another possibly affected process in BD is fibrinogen carbonylation. Fibrinogen carbonylation significantly affects its polymerization and causes resistance to plasmin-induced lysis.[@B7][@B8] Enhanced fibrinogen carbonylation has been reported in BD patients.[@B7] The results of the study by Becatti et al.[@B7] suggest that fibrinogen carbonylation is primarily associated with neutrophil-derived ROS rather than lymphocyte- or monocyte-derived ROS. ROS-induced fibrinogen carbonylation may partially explain the reason why thrombosis is more responsive to immunosuppressive treatment rather than anti-thrombotics alone.

Scientific Hypothesis and Its Limitations
=========================================

The primary problem in BD is venous inflammation, mainly mediated by neutrophils. These hyperactivated neutrophils produce ROS, which triggers NETosis at the site of inflammation ([Fig. 1](#F1){ref-type="fig"}). NETosis promotes thrombin generation, causes endothelial damage, and activates platelets. Activated platelets degranulate, release proinflammatory cytokines, form aggregates and cause augmented inflammation and endothelial damage which in turn activates thrombosis. Moreover, ROS produced by neutrophils also causes fibrinogen carbonylation, which makes the thrombus more resistant to plasmin-induced lysis. This seems like a vicious circuit in which inflammation triggers thrombosis and vice versa. This hypothesis partially explains the thromboinflammation process in BD; however, there are still unknown parts. For instance, we know that NETosis is a main mechanism in some other diseases such as systemic lupus erythematosus and ANCA-associated vasculitis (AAV). However, thrombotic complications are not the primary aspect of the disease phenotype in SLE or AAV. One of the reasons for this difference is that BD is primarily affecting veins. But the actual reason for predominant venous inflammation in BD remains unknown.

![Schematic representation of thromboinflammation in Behçet\'s disease. Activated neutrophils produce ROS, which induces NETosis. NETs cause endothelial damage, activate platelets, and induce thrombin generation. Activated platelet degranulate and release pro-inflammatory cytokines that stimulate neutrophils further. Platelet aggregation also damages endothelium and induces thrombin generation, which finally leads to the formation of the fibrin clot. Besides, ROS produced by neutrophils modifies fibrinogen, which makes the fibrin clot more resistant to plasmin-induced lysis.\
ROS = reactive oxygen species, NETs = neutrophil extracellular traps.](jkms-35-e213-g001){#F1}

This hypothesis also underscores the significance of colchicine in treatment/prevention of thrombosis in BD. Colchicine is one of the oldest anti-inflammatory drugs and its main mechanism of action is preventing microtubule elongation by binding to tubulin monomers.[@B23][@B24] Thus, it interferes with both neutrophil chemotaxis and NETosis.[@B25] Safi et al.[@B15] have recently demonstrated that NETs formation in BD neutrophils was inhibited by colchicine. In addition, in vitro studies have shown that colchicine decreased expression of surface markers of platelet activity and inhibited leukocyte-platelet aggregation.[@B26][@B27] Previously, in several case studies, its efficacy was reported in treatment of thrombus in BD.[@B28][@B29][@B30]

How to Test This Hypothesis
===========================

A prospective and longitudinal study could be designed to test this hypothesis. BD patients without vascular involvement could be followed up prospectively. ROS, NET markers (such as PAD4), and fibrinogen carbonylation could be measured at different time points where thrombosis is screened as well. In addition, platelet-neutrophil crosstalk could be analyzed by evaluating the expression of HMGB1 molecule. This type of study will give the possibility to evaluate the dynamic change of these markers in relation to the onset of thrombosis. Targeting ROS or NETs in BD treatment could be another strategy to approve the main point of the presented hypothesis. We know that colchicine, anti-TNF (tumor necrosis factor), and anti-interleukin 6 drugs, which have been already used in BD treatment, cause a decrease in NET formation.[@B10] Potential other medicines such as N-acetyl-cysteine, PAD4 inhibitor, or DNase I that directly target circulating NETs could also be tried.[@B31][@B32][@B33] However, the efficacy and safety data for novel NET inhibitors are deficient. Thus, we should be cautious while determining new therapy approaches that seem to target pathogenesis in BD.

Ethical Implications
====================

Suggested thromboinflammation mechanisms include complex interactions between inflammatory and thrombotic mediators and cells. Thus, it is difficult to estimate the output of targeting one player (e.g., NETosis) in BD treatment. At first, it would be better to analyze the dynamic changes of all these parameters in relation to thrombosis (laboratory and clinical) without any novel intervention except the conventional treatment of BD. Colchicine, included in the conventional treatment of BD, could be a start point for testing the hypothesis safely. Comparing the thrombosis parameters and NET markers longitudinally in BD patients treated with colchicine and without colchicine could provide significant clues to the pathogenesis. We should also keep in mind that other factors have the potential to contribute to the thrombosis process. For instance, testosterone could activate neutrophils, which could be a reason for the more severe disease course in males compared to females.[@B34] Testosterone might also affect the occurrence of thrombosis. These should be taken into account while designing studies.

Conclusion
==========

Behçet\'s disease is a complex autoinflammatory disease and thrombosis is a significant aspect of the disease. Neutrophilic venous inflammation is the probable primary mechanism in BD. Hyperactive neutrophils in vessels produce ROS and NETs that augment inflammation, cause endothelial damage, and trigger thrombosis cascade. Platelets are recruited to the site of damage, degranulate, and aggregate, which further induces inflammation and thrombosis. The produced thrombus also gets more resistant to plasmin-induced lysis through fibrinogen carbonylation with ROS produced by hyperactive neutrophils. Although our current knowledge sheds light on some parts of this complex mechanism, there are still missing pieces in this puzzle.
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